therapy of TACE and MWA led to better outcome than TACE monotherapy for specific HCC patients (7, 8) , but their studies did not specify the BCLC stage of included patients. Currently, no clinical guideline clearly defines the indication of combination therapy in BCLC stage B patients.
We compared the tumor response, progression-free survival and overall survival of TACE monotherapy with TACE-MWA combination therapy using propensity score matching. Subgroup analysis was also performed based on tumor size and number. The primary aim of our study was to compare the clinical effectiveness of TACE-MWA combination therapy with TACE monotherapy in BCLC stage B HCC patients with tumor size ≤7 cm and tumor number ≤5.
Methods

Study design and selection criteria
The study was reviewed and approved by the institutional review board of our hospital and informed consent was obtained from all included patients. We retrospectively reviewed BCLC stage B patients' data from March 2007 to April 2016. The inclusion criteria were: a) BCLC stage B HCC diagnosed by EASL guideline (2); b) TACE as initial treatment; c) potential candidates for MWA evaluated by two interventional radiologists with more than 10 years' experience 1 month after the initial TACE treatment; d) Child-Pugh A or B. Exclusion criteria were: a) tumor size >7 cm and tumor number >5 before the initial TACE treatment; b) lost to follow-up 1 month after the initial TACE treatment. TACE-MWA group included patients who received MWA anytime between the second and fourth treatment sessions after confirmed diagnosis. The patients who received only TACE were included in the TACE group.
The treatment decision following the initial TACE was made jointly by doctors and patients. In our study, each case was fully discussed by a multidisciplinary tumor board including interventional radiologists, oncologists and hepatic surgeons. After the discussion, treatment options based on tumors size, number, histologic analysis, and hepatic function were presented to the patient. The treatment decision was finally made after the informed consent was signed by the patient.
Propensity score matching was performed using optimal matching method at the ratio of 1:2 (9), and according to the study design and selection criteria described above, 100 patients were included in TACE group and 50 patients were included in TACE-MWA group (Fig. 1) .
Transarterial chemoembolization
A 5F catheter was introduced through the femoral artery by Seldinger technique and the angiogram of abdominal vessels was performed to visualize the arterial supply of the tumor. Depending on the tumor size, location, number, and vascular supply, the super-selective microcatheter was inserted into the supplying artery of the tumor. Then a combination of lipiodol (5-10 mL), lobaplatin (50 mg) and pirarubicin (30 mg) was introduced into the tumor followed by gelatin sponge particles embolization. An additional angiogram was performed at the end of the procedure to ensure full embolization of the supplying artery.
Microwave ablation
The MWA device used in the study was FORSEA (Qinghai Microwave Electronic Institute) with an MTC-3 microwave generator (FORSEA, 2450 MHz). At the beginning of the procedure, the patient was put into deep sedation and a contrast-enhanced computed tomography (CT) scan was performed at supine position to evaluate the tumor location, size, number and the optimal puncture point. After the local anesthesia of the puncture area, a 15G microwave antenna with water circulation cooling system was inserted into the tumor. The microwave was set at 50-100 W for 10-20 minutes. At the end of the procedure, an additional CT scan was performed to ensure full ablation of the residual tumor.
Follow-up
One month after the first TACE treatment session, contrast-enhanced CT or magnetic resonance imaging (MRI) was performed to evaluate treatment effect and detect residual viable tumor. Residual viable tumor was defined as uptake of contrast agent in the arterial phase of CT or MRI with a longest diameter no less than 1 cm according to modified Response Evaluation Criteria in Solid Tumors (mRECIST) assessment (10) . If residual viable
Main points
• The progression-free survival of combined transarterial chemoembolization and microwave ablation therapy (TACE-MWA) was significantly higher than TACE monotherapy (P = 0.044).
• The overall survival of combined TACE-MWA therapy was significantly higher than TACE monotherapy (P = 0.002).
• Multivariate analysis using Cox regression showed that intervention (combined TACE-MWA or TACE monotherapy) was significantly associated with both tumor progression and overall survival. tumor was found, additional TACE or MWA treatment sessions were considered. The follow-up interval of the patients with satisfactory treatment effect ranged from 3 to 6 months and tumor response was evaluated according to mRECIST (10) .
Statistical analysis
The R software package (version 3.4.2, The R Foundation for Statistical Computing) was used in propensity score matching. The propensity score model was determined by previous studies (8, 11) , the independent variables used in the matching included gender, age, alpha-fetoprotein (AFP) level, Child-Pugh score, alanine aminotransferase (ALT), tumor size and tumor number. Propensity score matching was performed using optimal matching method at the ratio of 1:2 (9). The SPSS software package (version 20.0.0, SPSS Inc.) was used for the statistical analysis. Patients' baseline characteristics were analyzed by Pearson chisquare tests or Fisher's exact test (expected cell counts <5) before and after matching. The overall survival curves and the progression-free survival curves were plotted by Kaplan-Meier method and compared by Log rank test. The Cox regression model was used in the multivariate analysis of progression risk factors. In the comparison of complications between TACE and TACE-MWA group, Pearson chi-square tests or Fisher's exact test (expected cell counts <5) were used. All statistical tests used in this study were two-sided, and the difference was considered as statistically significant for P < 0.05.
Results
Before propensity score matching, maximal tumor size and tumor number were significantly different between the two groups; however, after matching, no statistically significant difference was found on any covariate (Table 1) .
The median follow-up period was 16.2 months for the whole population (TACE group: 16.1 months, TACE-MWA group: 17.5 months), ranging from 1 to 98.7 months (TACE group: 1.47-65.5 months, TACE-MWA group: 1-98.7 months). The median maximum tumor size was 42 mm in the whole population (TACE group: 44 mm, TACE-MWA group: 40 mm), while the range was 5-70 mm (TACE group: 5-70 mm, TACE-MWA group: 16-68 mm).
The median number of TACE treatment sessions was 2 (range, 1-5) in TACE group and 2 (range, 1-3) in TACE-MWA group, while the median number of MWA treatment sessions was 1 (range, 1-5) in TACE-MWA group.
The median time of tumor progression was 6.16 months in TACE group and 10.14 months in TACE-MWA group. The tumor control rates (including complete and partial response and stable disease) at 6, 12, 18, 24 months were 55.5%, 37.3%, 21.3%, 15.8% for TACE group, while 74%, 47.8%, 35%, 31.8% for TACE-MWA group. Progression-free survival rate was significantly higher in TACE-MWA group than in TACE group (P = 0.044, Fig. 2a) .
Multivariate analysis using Cox regression showed that tumor size and intervention were independent prognostic factors associated with tumor progression ( 5 years were 77.5%, 42.1%, 21% for TACE group, while 93.1%, 79%, 67.7% for TACE-MWA group, respectively. The overall survival of TACE-MWA group was significantly higher than that of TACE group (P = 0.002, Fig. 2b ). Multivariate analysis using Cox regression showed that AFP level, intervention, and tumor size were independent prognostic factors associated with overall survival (Table 3) . When tumor size was ≤3 cm, no significant statistical difference was found in progression-free survival (P = 0.855, Fig. 3a) or overall survival (P = 0.347, Fig. 3b ) between the groups; but when tumor size was >3 cm and ≤7 cm, significant statistical difference existed in both progression-free survival (P = 0.022, Fig. 3c ) and overall survival (P = 0.006, Fig. 3d ).
Neither tumor number ≤3 (P = 0.153) nor >3 (P = 0.313) showed significant statistical difference between the two groups.
We recorded adverse events according to Society of Interventional Radiology Clinical Practice Guidelines (12, 13) . Minor complications included nausea, vomiting, fever, mild abdominal pain, and elevated liver enzymes. They were all transient and resolved within 1 week. Four patients suffered major complications in TACE group, including hypokalemia caused by severe vomiting, severe hepatic dysfunction and gastrointestinal bleeding. One patient in TACE-MWA group suffered pneumothorax due to the accidental puncture of the right lung during the MWA procedure. The major complications significantly prolonged hospitalization and required intensive care. However, all of them recovered in the end without any permanent adverse sequela. No statistically significant difference was observed between TACE and TACE-MWA groups in terms of complications (Table 4 ).
Discussion
Our study specifically focused on the comparison of clinical effectiveness between TACE-MWA combination therapy and TACE monotherapy in BCLC stage B HCC patients. We found that TACE-MWA combination therapy significantly improved tumor response, progression-free survival, and overall survival compared with TACE monotherapy in BCLC stage B HCC with tumor size ≤7 cm and tumor number ≤5.
According to EASL-EORTC Clinical Practice Guidelines, TACE monotherapy is the standard treatment for BCLC stage B patients (3). However, apart from the less than satisfactory clinical effectiveness of TACE monotherapy, some evidence has shown that TACE may not be the optimal choice for BCLC stage B patients (5, 14) . A comment on Journal of Hepatology pointed out that the EASL-EORTC guideline recommendation might be based on the comparison of TACE to the best supportive therapy instead of other available treatments due to lack of robust evidence (15) .
Insufficient evidence has been reported for BCLC stage B HCC patients on treatment (6), which differs from the recommendation of the widely used EASL-EORTC guideline (3). Previously, two retrospective studies demonstrated the superior treatment effectiveness of the TACE-MWA combination therapy compared with the TACE monotherapy for specific HCC patients (7, 8) . However, their studies did not specify the BCLC stage and included HCC patients at BCLC stages A, B, and C. Our study focused mainly on BCLC stage B patients with tumor size ≤7 cm and tumor number ≤5. We also performed subgroup analysis and showed that the statistical difference was mainly seen in the subgroup with tumor size of 3-7 cm, while the ≤3 cm subgroup shows no statistical difference. Our study suggests that the application of TACE-MWA combination therapy may extend to BCLC stage B patients with tumor size ≤7 cm and tumor number ≤5. In terms of radiofrequency ablation (RFA), a retrospective study in 2014 found that TACE and RFA combination therapy has better tumor progression survival and overall survival than TACE monotherapy in BCLC stage B HCC patients (16) . Their study showed that tumor control rate at 6 months was 74.5% in TACE-RFA group while 54.5% in TACE monotherapy group, similar to our results (TACE-MWA: 74%; TACE: 55.5%). In contrast to the palliative effect of TACE, both MWA and RFA are potentially curative treatments. Compared with RFA, greater and faster energy can be generated by MWA within a larger ablation area. The improvement is mainly attributed to the reduction of heat-sink effect due to the vascular outflow of the liver (17) . Furthermore, a randomized-controlled study in 2016 found that TACE-MWA combination therapy was more effective than TACE-RFA combination therapy in unresectable single-lesion HCC patients (18) .
As for patients' baseline characteristics, tumor size and number were significantly different between TACE and TACE-MWA groups before matching. By using propensity score matching, we managed to balance the covariate differences of the two groups and strengthen our causal argument.
For safety evaluation, the combination therapy of TACE and MWA did not significantly increase the risk of complications compared with TACE monotherapy (Table  4) . Although minor complications were commonly seen in both TACE (83%) and TACE-MWA (86%) groups, they were transient with prompt recovery. Moreover, major complications were rare in both TACE (4%) and TACE-MWA (2%) groups. In general, both TACE monotherapy and TACE-MWA combination therapy are relatively safe treatments for BCLC stage B HCC with acceptable complications.
This study has several advantages: First, by applying propensity score matching, we managed to reduce the selection bias that is inherently present in retrospective studies. Second, we demonstrated that TACE-MWA group had better progression-free survival and overall survival than TACE group. Therefore, TACE-MWA combination therapy is recommended to BCLC stage B patients with tumor size ≤7 cm and tumor number ≤5, especially for patients with tumor size >3 cm.
However, our study also has some limitations. First, this is a retrospective study without randomization, so we used propensity score matching to reduce the selection bias. Second, all treatments were performed in our hospital, which may lead to inevitable bias due to patients' characteristics, doctors' experience or equipment quality. Fisher's exact test was performed for expected cell count <5.
In conclusion, TACE-MWA combination therapy has better clinical effectiveness than TACE monotherapy in BCLC stage B patients with tumor size ≤7 cm and tumor number ≤5, especially for patients with tumor size >3 cm. However, further randomized controlled trials are needed for to confirm our findings.
